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Hiroshi Okada* & Michio Tamura* : Karyomorphology and 
relationship on the Ranunculaceae** 

mm i#* • ara**: * ^*** m< d m&mtmmrm** 

Numerous karyological contributions have been made toward the phylo¬ 
genetic classification of the Ranunculaceae. Langlet (1932) divided the 
Ranunculaceae, excluding Paeonia, Glaucidium and Hydrastis, into two sub¬ 
families mainly based on the chromosome size and curvature, i. e., one was 
of “lange, im allgemeinen gewundene oder mehrfach gebogene, meist recht 
grosse” chromosomes, namely, R-type and another was of “im allgemeinen 
einfach gebogene, verhaltnismassig kleine” ones, namely, T-type. Gregory 
(1941) followed Langlet and approved of the distinction of R- and T-type in 
this family including Paeonia. However, he intended to attach more import¬ 
ance to the basic chromosome number and to recognize C-type in Coptis and 
Xanthorhiza. As the result of these karyological and other morphological 
evidences, Tamura (1962, 1967) concluded that the karyological feature is 
the most important character for the classification of this family. He divided 
this family excluding Paeonia and Glaucidium into six subfamilies. Rothfels 
et al. (1966) showed that DNA values within the Ranunculaceae were closely 
correlated with total length of the chromosome complement, so that the 
variations in chromosome size corresponded directly to the variations in DNA 
values. They suggested that the chromosome size might be reliable as the 
character by which this family was divided. On the other hand, however, 
total sum of chromosome length in Allium cepa varied ranging from 98 p to 
242 p among the cells without pretreatment, and from 149 p to 195 p among 
the cells with colchicine pretreatment (Tanaka & Tanaka 1975). In Vicia 
faba, while DNA content remained constant, nuclear RNA and histone ratio 
varied significantly among the cells of different ages and tissues, and the 
chromosome volume is changeable between 274 p s and 638 p B (Bennett 1970). 
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Accordingly, for the comparison of chromosome size of diffferent species 
the method of pretreatment, the kind of meristem and the stage in cell 
division should be regulated strictly. 

In the previous cytotaxonomical studies the phylogeny and relationships 
of the taxa were discussed on the basis of number, size and form of mitotic 
metaphase chromosomes. Besides these characters, however, the distribution 
pattern of euchromatin and heterochromatin at interphase and prophase seems 
to be very important. The previous observations show that the distribution 
pattern of both chromatins is stable within the taxa. 

As a result of observation of the nuclei at ihterphase and prophase in 
the Ranunculaceae including Paeonia, Kurita (1960) pointed out that nuclei 
of T-type and of R-type showed the different distribution pattern of darkly 
stained regions from each other. There are many evidences that the dist¬ 
ribution patterns of both chromatins are well coincident with natural groups 
as in Onagraceae (Kurabayashi et al. 1962), in Orchidaceae (Tanaka 1971), 
in woody Polycarpicae (Okada 1975, Okada & Tanaka 1975), and so on. 

In this paper, we report the distribution patterns of both chromatins at 
mitotic interphase and prophase in detail and the chromosome size at meta¬ 
phase observed on 33 species belonging to 16 genera of the Ranunculaceae 
including Paeonia and Glaucidium, and discuss the relationship of this fam¬ 
ily based on the results. 

Materials and methods Materials and their sources investigated are 
shown in Table 1. Preparations for observation of mitotic phases were car¬ 
ried out as follows: the root tips were pretreated with 0.002 M 8-hydroxy- 
quinoline aqueous solution for four to six hours at room temperature, and fixed 
in the 2: 1: 1 mixture of absolute ethanol, chloroform and glacial acetic acid 
at 5°C for over one hour. These root tips were macerated in IN HC1 for 
ten to fifteen seconds at 60°C, and stained with 1% aceto-orcein for 20 to 30 
minutes. They were squashed with the conventional techniques. 

Observations were made on nuclei at the mitotic interphase, prophase and 
metaphase. The two daughter cells before enlargement of cell size were 
used in observation of interphase nuclei, because the nuclei vary slightly 
their distribution patterns of chromatins during interphase, so that, except 
this stage, it was difficult to identify the corresponding stage on different 
species. We confirmed preliminarily that the distribution pattern of eu-. and 
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Table 1. Sources, chromosome numbers and chromosome length of 
investigated species. 

Species 

Source 

2n 

Length (g) 
max. -min. 

Paeonia japonica 

Mt. Tanzawa, Kanagawa Pref. 

10 

15-10 

P. lutea var. ludlowii. 

EBG* 

10 

13-10 

Cimicifuga japonica 

Mt. Kongo, Osaka Pref. 

16 

10- 5 

Nigella damascena 

cult. 

12 

12- 5 

Aconitum sanyoense 

Ashiu, Kyoto Pref. 

16 

10- 2 

A. grosse-dentatum 

Mt. Kongo, Osaka Pref. 

32 

10- 2 

A. triphyllum 

Izumi-Sunagawa, Osaka Pref. 

32 

10- 2 * 

A. ibukiense 

Aogaki, Hyogo Pref. 

32 

10- 2 

A. japonicum var. eizanense 

Ohara, Kyoto Pref. 

32 

10- 2 

A. yezoense 

Jozankei, Hokkaido Pref. 

32 

10- 2 

Anemone nikoensis 

Mt. Kongo, Osaka Pref. 

14 

12- 8 

Hepatica insular is 

Isl.Cheju-do Korea. 

14 

12- 8 

Knowltonia bracteata 

EBG* 

48 

8- 4 

Clematis stans 

Hakone, Kanagawa Pref. 

16 

10- 5 

C. lasiandra 

Mt. Koya, Wakayama Pref. 

16 

9- 4 

C. patens 

Sanda, Hyogo Pref. 

16 

10- 5 

C. meyeniana 

Isl. Okinawa, Okinawa Pref. 

16 

10- 5 

Ranunculus japonicus 

Mt. Kongo, Osaka Pref. 

14 

8- 4 

R. siamensis 

Mae-Sanam, Thailand. 

16 

8- 4 

R. silerifolius 

Minoo, Osaka Pref. 

16 

7- 4 

R. cantoniensis 

Minoo, Osaka Pref. 

32 

7- 4 

R. sceleratus 

Minoo, Osaka Pref. 

32 

3- 1.5 

R. sieboldii 

Isl. Yaku, Kagoshima Pref. 

48 

6- 3 

R. nipponicus var. major 

Hakone, Kanagawa Pref. 

48 

3- 1 

Dichocarpum stoloniferum 

Mt. Tanzawa, Kanagawa Pref. 

35 

2- 1.5 

Aquilegia flabellata 

cult. 

14 

2- 1.5 

Thalictrum filamentosum 

Mt. Odai, Nara Pref. 

14 

1.5- 1 

T. minus var. hypoleucum 

Sasayama, Hyogo Pref. 

42 

1.5- 1 

Coptis japonica 

Mt. Koya, Wakayama Pref. 

18 

2.5- 2 

C. ramosa 

Isl. Yaku, Kagoshima Pref. 

18 

2- 1.5 

Xanthorhiza apifolia 

NBG** 

36 

1- 0.5 

Hydrastis canadensis 

NBG** 

26 

2- 1 

Glaucidium palmatum 

Mt. Gassan, Yamagata Pref. 

20 

2.5- 1.5 


* EBG: Royal Botanic Garden, Edinburgh. ** NBG: Nikko Botanical 
Garden, University of Tokyo. 
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heterochromatin does not change during prophase, and used mid-prophase for 
the description of prophase chromosomes. During prophase and metaphase 
the chromosomes become shorter. The shortening is finished when they ar¬ 
range themselves at the equatorial plate. By the treatment of 8-hydroxy- 
quinoline the process of nuclear division is inhibited at metaphase, and varia¬ 
tion in chromosome size becomes to reduce. But the preparations still include 
a few cells which are in prometaphase. For taking up the metaphase, we 
selected the shortest chromosome set among several cells observed and mea¬ 
sured the length of the largest chromosome and the smallest one. 

Observations Results of chromosome counts and length of the largest 
and the smallest chromosome at metaphase are shown in Table 1. 

Among the species observed three types of distribution pattern of chro¬ 
matins at interphase and prophase were distinguished. 

First type. In the interphase nuclei no condensed body is observed. 
Chromatin is stained as small granules and spreaded over the nucleus uni¬ 
formly (Fig. 1A). The chromosomes at prophase look like homogeneous long 
threads. Eu- and heterochromatic segments are not distinguishable from each 
other (Fig. IB). The species belonging to this type are Paeonia japonica 
(Fig. 1) and P. lutea var. ludlowii. 

Second type. In the interphase nuclei a few small condensed bodies 
stained darkly are observed. The other region is stained unevenly and gra- 
nulous structure does not appear (Figs. 2A, 3A, 4A). In the prophase chro¬ 
mosomes eu- and heterochromatic segments are distinguishable, but boundaries 
of both segments are indistinct, and the transition is gradual. The heterochro¬ 
matic segments are distributed in proximal, distal or interstitial regions of 
both arms, and much shorter than euchromatic segments (Figs. 2B, 3B, 4B). 
The species belonging to this type are as follows: Cimicifuga japonica , 
Nigella damascena, Aconitum sanyoense, A. grosse-dentatum , A. triphyllum, A. 
ibukiense, A. japonicum var. eizanense, Anemone nikoensis, Hepatica insularis 
(Fig. 2), Knowltonia bracteata (Fig. 3), Clematis stans, C. lasiandra, C. patens, 
C. meyeniana, Ranunculus japonicus, R. siamensis, R. silerifolius ( = R. quel- 
paertensis ), R. cantoniensis, R. sceleratus, R. sieboldii and R. nipponicus var. 
major. (Fig.. 4). 

In many species, values of chromosome length fall into the range from 
lOp to 2p usually (Table 1), but in R. sceleratus (3-1.5^) and R. nipponicus 
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var. major (3-1/0 the chromosomes are especially small (Fig. 4C), on the 
contrary, in N. damascena (12-5//), A. nikoensis (12-9 g) and H. insularis (12- 
8 ft) they are especially long (Fig. 2C). 

Third type. In the interphase nuclei many condensed bodies stained 
darkly are observed. Their relative size for nucleus is larger than those of 
the former type. Chromatin surrounding the condensed bodies is diffused, 
and the boundary of the bodies is slightly indistinct. The other region is 
stained evenly and more dilutely than in the first and the second types, and 
granulous structure does not appear (Figs. 5A, 6A). At prophase chromo¬ 
somes both eu- and heterochromatic segments are well-differenciated and the 
boundary is distinct. The heterochromatic segments are distributed in proxi¬ 
mal region of both arms (Figs. 5B, 6B), and slightly shorter than euchromatic 
segments. The species belonging to this type are : Dichocarpum stoloniferum, 
Aquilegia flabellata , Thalictrum filamentosum, T. minus var. hypoleucum , Coptis 
japonica, C. ramosa (Fig. 5), Xanthorhiza apiifolia, Hydrastis canadensis and 
Glaucidium palmatum (Fig. 6). 

Among these species, however, Coptis japonica and C. ramosa (Fig. 5B) 
are slightly different karyomorphologically from the other. That is, the 
boundary between both chromatic segments at prophase is not so distinct as 
in the other, e. g., G. palmatum (Fig. 6B), and euchromatic segments are 
considerably shorter than heterochromatic segments. In X. apiifolia each of 



Fig. 5. Somatic chromosomes of Coptis ramosa. 2n=18. A. Interphase. B. Prophase. C. 
Metaphase, x 1800. 
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Fig. 6. Somatic chromosomes of Glaucidium palmatum. 2n = 20. A. Interphase. B. Pro¬ 
phase. C. Metaphase. X1800. 


the largest chromosome and the smallest one shows minimum value in length 
among the species investigated (Table 1). 

Discussion In this investigation we classified 33 species of 16 genera 
into three groups on the basis of karyomorphology. According to Kurita 
(1960) the species classified here in the first and the second group have R-type 
chromosomes and those in the third group have T-type ones, and Paeonia 
was classified in R-type. However, in our observations two species of Paeonia 
were clearly distinguishable from other species as described above. This 
evidence supports the opinion that Paeonia has little relation with the 
Ranunculaceae. 

The species belonging to the second group correspond to those with R- 
type chromosomes, but the length of metaphase chromosomes shows consider¬ 
able difference among species as mentioned above, e.g., H. insularis 12-8/i 
(Fig. 2C), Knowltonia bracteata 8-4 y. (Fig. 3C) and R. nipponicus var. major 
3-lp (Fig. 4C). R. nipponicus var. major and R. sceleratus possess the chro¬ 
mosomes only about a half in length, comparing with other species of Ranun¬ 
culus (8-3/0- Considering together with other characters these small chromo¬ 
somes may be originated secondary reduction through the process of specia- 
tion. 

The basic chromosome numbers of this group are found to be x = 6, 7 and 
8. Among these numbers, x=8 is considered as the original basic number 
for this group judging from the combination with other characters, and x=7 
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and 6 may be derived by the aneuploidal reduction as already stated (Tamura 
1966, 1967), though Gregory thought in Nigella x = 7 was derived from x = 6, 
not from x = 8. 

The karyomorphology of the species included in the third group were 
found to correspond to T-type, similar to the results of Kurita (1960). In 
the case of C. japonica and C. ramosa, the transition from eu- to heterochro- 
matic segments at prophase chromosomes is not so distinct, and the length of 
euchromatic segments are shorter considerably than those in the other species. 
So the chromosomes of Coptis seem to get slightly near the second type. 
While, X. apiifolia has very small chromosomes of about a half of those of 
Coptis in length. Accordingly, there is little reason to distinguish the chro¬ 
mosomes of Coptis and Xanthorhiza from those of other genera as C-type as 
Gregory (1941) intended. 

In the third group there are four basic chromosome numbers, i.e., x = 7, 
9, 10 and 13. Except x = 10 of Glaucidium, specieshaving each basic chromo¬ 
some number is classified into Isopyroideae-Thalictroideae, Coptidoideae and 
Hydrastidoideae, respectively. These numerical variations among subfamilies 
show a discontinuous line in contrast to the aneuploid series in the second 
group, Helleboroideae-Ranunculoideae. This fact suggests that, even if they 
have a common ancestral group, the differentiation in this group took place 
much earlier than in the second group. 

Basic chromosome number x = 10 of Glaucidium may be considered to show 
the relation to x = 5 in Paeonia, however, the distribution pattern of both 
chromatins shows quite different features (Figs. 1, 7). On the basis of karyo¬ 
morphology it is very difficult to prove the close relationship between both 
genera. Glaucidium is regarded as the representative of the Glaucidiaceae, 
separated from the Ranunculaceae, but its karyomorphology is not different 
from the third type. 

Summary Karyomorphological observations were carried out in 33 
species of 16 genera belonging to the Ranunculaceae (including Paeonia and 
Glaucidium) , and discussed the relationship of these species based on the 
observations. 

Three karyomorphological types were recognized. The second type and 
the third type correspond to R-type and T-type which have been proposed 
by Langlet (1932), respectively. The second type is observed in the species 
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belonging to Ranunculoideae and Helleboroideae, and the third type is ob¬ 
served in Isopyroideae, Thalictroideae, Coptidoideae and Hydrastidoideae. 

The distribution patterns of R. sceleratus and R. nipponicus var. major 
show distinctly of the second type, though their chromosomes are exception¬ 
ally small. 

The first type is observed only in Paeonia. This evidence supports the 
opinion that Paeonia has little relationship with the Ranunculaceae. 

Basic chromosome number x = 10 of Glaucidium might be considered to 
relate to x = 5 of Paeonia, but on the basis of karyomorphology it is very dif¬ 
ficult to prove the close relationship between both genera. 
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